The present work describes an experimental study and the thermodynamic modeling for the solid−liquid phase diagram of an ionic liquid quaternary system constituted by hexafluorophosphate ([PF 6 ] − ) as the common anion and by 1-methyl-3-propylimidazolium ([C 3 mim] + ), 1-methyl-1-propylpyrrolidinium ([C 3 mpyrr] + ), 1-methyl-3-propylpyridinium ([C 3 mpy] + ), or 1-methyl-1-propylpiperidinium ([C 3 mpip] + ) as the cations. The Modified Quasichemical Model was used to model the liquid solution, and the Compound Energy Formalism was used for the relevant solid solutions. The liquidus projections of the four ternary subsystems (1) [C 3 mim]predicted using a standard symmetric (for systems 3 and 4) or asymmetric (for systems 1 and 2) interpolation method. In order to test the accuracy of the thermodynamic model, two isoplethal sections were experimentally measured in each of the four ternary systems using differential scanning calorimetry. Overall, agreement was very satisfactory, not requiring fitting of any ternary interaction parameters for the liquid solution model. In each of the four calculated ternary liquidus projections, the region of composition corresponding to room temperature ionic liquid mixtures was determined. The global minimum of the liquidus temperature in the complete composition space was calculated to be about −16°C, with a mole percentage composition of (33.8% [C 3 mpyrr][PF 6 ] + 33.9% [C 3 mpy][PF 6 ] + 32.3% [C 3 mim][PF 6 ]).
INTRODUCTION
Ionic liquids (ILs) are, by definition, salts with a melting point below an arbitrary temperature of 100°C. 1 Whereas many inorganic salts are symmetric in shape, ionic liquids possess a remarkably lower symmetry owing to their organic cation. Also, the latter is often aromatic, which induces a delocalization of the positive charge. For all these reasons, the melting point of ionic liquids occurs at much lower temperatures than for most inorganic salts. These ionic compounds have also been designated as "designer solvents" due to the possibility of changing a wide range of potential cation and anion combinations in order to fine-tune their physicochemical properties. 2 Owing to their distinctive characteristics including very low vapor pressure, and high chemical and thermal stability over a broad temperature range (−40 to 200°C), 3 they have found many potential applications in various fields such as analytics, 4 chemical processing, 5 solvents and catalysts, 6 electrochemistry, 7 and biomass processing 8 among others. In particular, the hexafluorophosphate-based ILs investigated in this work have been used in the preparation of dye-sensitized solar cells with improved durability, 9 in microfabricated liquid junction reference electrodes, 10 as electrolytes of electrochemical capacitors, 11 and as a component of lithium-ion batteries. 12 As reported by Stark and Seddon, 13 at a zeroth-order approximation, the physical properties of ionic liquids (such as density, viscosity, and temperature of fusion) are controlled by the cations, whereas the anions govern the chemistry and reactivity. It may thus be required to fine-tune the properties of ionic liquids to achieve a specific application. Plechkova and Seddon 14 suggested that this can be achieved by mixtures of ionic liquids. In particular, common-ion ionic liquid mixtures (binary, ternary, or higher-order) may have a liquidus temperature substantially lower than the melting temperatures of the corresponding pure compounds. A knowledge of the solid−liquid phase equilibria for such systems is thus of great importance. For instance, the CH 3 COOLi, CH 3 COOK, and CH 3 COOCs compounds have relatively high temperatures of fusion (between 190 and 306°C) and in principle should not be regarded as ionic liquids. However, the corresponding ternary system is predicted to display a ternary eutectic at about 95°C. 15 Although ionic liquid mixtures have received much attention in recent years, 2, 16 a review of the literature 17 showed that there are few publications dealing with phase diagram measurements. The investigated ionic liquid systems with organic cations are mainly binary systems (commonanion 18−26 or common-cation 18,21,23,25,27−29 ) and ternary reciprocal 25, 29, 30 systems (with two cations and two anions). Attention has also been paid to common-anion binary 31, 32 and ternary 32−34 systems of salts with ions commonly used for the preparation of ionic liquids.
Very little effort has been also made to model the solid− liquid phase diagrams of ionic liquid systems. For instance, using the Schroder−Van Laar equation, Maximo et al. 26 modeled the phase diagrams of nine [PF 6 ]-based binary ionic liquid systems with imidazolium ([C 3 mim] + or [C 12 mim] + ), pyrrolidinium ([C 3 mpyrr] + ), pyridinium ([C 3 mpy] + ), piperidinium ([C 3 mpip] + ), tetrabutylammonium ([N 4444 ] + ), and tetrabutylphosphonium ([P 4444 ] + ) as the different cations. In a previous study, 17 using a standard CALPHAD approach, a thermodynamic model was developed for a pyrrolidiniumbased common-cation ternary ionic liquid system, and for a pyridinium-based ternary reciprocal ionic liquid system. The Modified Quasichemical Model 35, 36 was used to model the liquid solution, and the Compound Energy Formalism 37, 38 was used to model the relevant solid solutions.
In 1970, CALPHAD (CALculation of PHAse Diagrams) was introduced by Kaufman and Bernstein 39 as the most efficient method of developing thermodynamic databases and calculating phase diagrams of complex systems. This method enables prediction of the phase diagrams of higher-order systems from the model parameters for their lower-order binary and ternary subsystems. 40 It is based on the minimization of the Gibbs energy of the system. As a first step, the Gibbs energy of the pure components is modeled, on the basis of the available thermodynamic properties (enthalpy of formation, heat capacity, etc.); it is usually expressed as a polynomial function of temperature. Then, for every binary subsystem, all available experimental data (phase diagram, enthalpy of mixing of the liquid, activities, etc.) are collected from the literature and critically evaluated in order to obtain a set of model parameters for all phases involved. The thermodynamic properties of any ternary subsystem can be estimated from the optimized model parameters of the corresponding binary subsystems using standard interpolation methods. To obtain a quantitative description of the available experimental ternary data, ternary interaction parameters describing the mutual interaction between all three components of the system may be included in the model. Such parameters do not have any impact on the Gibbs energies of the binary subsystems. All model parameters are stored in a thermodynamic database. The models can then be used along with Gibbs energy minimization software to predict the thermodynamic properties of higher-order systems, using only the estimated parameters from the lower-order subsystems with experimental data available. 41 The present article describes a thermodynamic model for the common-anion quaternary system [C 3 6 ]} were predicted from the optimized binary parameters along with a standard symmetric (Kohler-like) 42 or asymmetric (Kohler− Toop-like) 43 interpolation method. In order to test the accuracy of this approach, in this work two isoplethal sections were experimentally measured for each of the ternary systems using differential scanning calorimetry (DSC), with most of the measurements performed for systems 1 and 3. The thermodynamic model parameters were slightly refitted, and in each of the four calculated ternary liquidus projections, the composition region corresponding to room temperature ionic liquid (RTIL) mixtures was determined. Finally, the composition in the quaternary system corresponding to a global minimum of the liquidus temperature was found using the program FactOptimal, 44 which is a coupling of the FactSage thermochemical software 45 with the powerful Mesh Adaptive Direct Search (MADS) algorithm. 6 ] pure compounds were purchased from Iolitec with a mass purity of 99%. The compounds were dried under vacuum at room temperature for at least 3 days, and the purity of each sample was additionally confirmed by 1 H, 13 C, 19 F, and 31 P NMR spectra. A Metrohm 831 Karl Fischer coulometer using the analyte Hydranal−Coulomat AG, from Riedel-de Haen, was used to determine the water content of the compounds, which was found to be less than 900 ppm. Ternary mixtures were prepared inside a dry argon glovebox, at room temperature using an analytical balance model ALS 220-4N from Kern with an accuracy of ±0.002 g. Vials with mixtures were heated under stirring until complete melting and then recrystallized at room temperature. Samples (2−5 mg) of mixtures of pure compounds were hermetically sealed in aluminum pans inside the glovebox and then weighed in a microanalytical balance AD6 (PerkinElmer, USA, precision = 2 × 10 −6 g). The melting properties were determined using a Hitachi DSC7000X model working at atmospheric pressure. For most DSC measurements, one cooling run at 5°C min −1 followed by one heating run at 2°C min −1 were performed (in particular, the minimum temperature reached upon cooling was −100°C for the {[C 3 6 ] ternary system), and only the thermal transitions of the heating run were taken into account. For a few ternary mixtures, three consecutive heating/cooling cycles were used with rates of 2°C min −1 (heating) and 5°C min −1 (cooling), respectively. Only the thermal transitions of the last The Journal of Physical Chemistry B Article two heating runs were then considered. The use of this latter DSC protocol will be clearly stated in the text. The equipment was previously calibrated with several standards with mass percentage purities higher than 99%. The melting temperatures reported were taken as the peak temperatures for the endothermic changes in heat flows. Uncertainties of 1°C in the melting temperatures are estimated, on the basis of the average standard deviation of measurements for the ternary mixtures studied more than once.
MATERIALS AND METHODS

THERMODYNAMIC MODELING
3.1. Liquid Phase. In this work, the Modified Quasichemical Model in the Pair Approximation (MQMPA) 35, 36 was used for the liquid phase. This model considers the distribution of cations and anions on the sites of two different sublattices (cationic and anionic), and each ion occupies exactly one site. 
where i = A, B, C, and Z i is the SNN coordination number of cation i. Z i should be regarded as a model parameter which may differ from the actual physical coordination number. In the present work, all SNN coordination numbers were set to 6.0. The same approach has been used successfully to model several common-anion binary inorganic liquids 46−48 such as The Journal of Physical Chemistry B Article NaCl−KCl, NaF−KF, and MgCl 2 −FeCl 2 , which display small deviations from ideality. As will be shown later, the ionic liquid binary mixtures investigated in this work are close to ideal. Owing to all SNN coordination numbers being equal, Y A , Y B , and Y C reduce to the mole fractions x A , x B , and x C , respectively. For a liquid solution close to ideality, it can be shown that x ii → Y i 2 and x ij → 2Y i Y j (where i, j = A, B, C). The second term in eq 4 is then equal to zero, and the configurational entropy thus reduces to the Bragg−Williams (random-mixing) expression. For further details, one is referred to the work of Pelton and collaborators. 35, 36 The Gibbs energy of the common-anion ternary liquid is estimated from the optimized binary parameters using a Kohler-like (i.e., symmetric model) 42 or a Kohler−Toop-like (i.e., asymmetric model) interpolation method. 43 In a symmetric model like that presented in Figure 1a , the three components are treated in the same way. Δg AB/[PF 6 ] in the common-anion ternary liquid is given by ijk are obtained using experimental ternary data, but no ternary terms were required in the present work. As Δg AB/[PF 6 ] , Δg AC/[PF 6 ] , and Δg BC/[PF 6 ] become small, the solution approaches ideality, and
. Equation 8 then approaches the Kohler equation (eq 20 in ref 36) for symmetric ternary systems. Let us consider any ternary composition (point p in Figure 1a ). The first two terms on the right-hand side of eq 8 are constant along the line C[PF 6 ] − a and are equal to
Expressions similar to eq 8 give Δg BC/[PF 6 ] and Δg AC/[PF 6 ] , with the binary terms equal to their values at points b and c, respectively, in Figure 1a . In an asymmetric model like that presented in Figure 1b , one component (A[PF 6 ]) is treated differently than the other two components. Δg AB/[PF 6 ] in the common-anion ternary liquid is given by 
In the limit of ideality, 2 . Equation 9 approaches the Kohler−Toop equation (eq 21 in ref 36) for asymmetric ternary systems. The first two terms on the right-hand side of eq 9 are constant along the line ac in Figure 1b and are equal to Δg AB/[PF 6 ] in the A,B/[PF 6 ] binary system at point a. An equation similar to eq 9 gives Δg AC/[PF 6 ] , while Δg BC/[PF 6 ] is given by a result similar to eq 8.
As will be discussed in Section 4. 36 that are relevant for the present work, are given by eqs S1−S5 in the Supporting Information.
As will be shown in Section 4.2, the optimized model parameters Δg AB/[PF 6 ] for the six binary subsystems of the 6 ] system are relatively small in amplitude. Therefore, the investigated common-anion quaternary liquid exhibits relatively little second-nearest-neighbor (cation−cation) shortrange ordering. Thus, the Bragg−Williams (random-mixing) model could have been used successfully for this liquid. This model is presented in detail in ref 49 and is briefly described in ref 50 . The Modified Quasichemical Model was finally selected in the present work since it is suitable for diverse liquids (with small or extensive short-range ordering, or with positive deviations from ideality), making it possible to develop large thermodynamic databases.
3.2. Solid Phase. The solid solutions relevant for the present work are those for the binary system [C 3 mpip][PF 6 ]− [C 3 mpyrr][PF 6 ] in the complete temperature range. They were all described using the Compound Energy Formalism. 37, 38 The cations [C 3 mpip] + and [C 3 mpyrr] + reside on the cationic sublattice C while the anion [PF 6 ] − resides on the anionic sublattice A. The molar Gibbs energy of each solid solution is then given by the following equation:
The first two terms represent the reference Gibbs energy of the solution, where y Article mixing (Temkin type 51 ), assuming a random distribution of the cations on the cationic sublattice. The final term is the molar excess Gibbs energy and is expressed as follows:
The L factor may depend on the temperature and also on the composition, where Redlich−Kister terms as a function of site fractions are generally used.
4. RESULTS AND DISCUSSION 4.1. Pure Ionic Liquids. Figure 2 shows the chemical structures of the four [PF 6 ]-based ionic liquids investigated in the present work. Maximo et al. 26 measured their thermal transitions by DSC and also measured their melting temperatures using optical microscopy. The crystal structures of the pure compounds were determined by single crystal X-ray diffraction at 180 K. Table 1 gives the thermal transition data from Maximo et al. 26 As mentioned previously, 17 to model the phase diagram of a common-anion system such as [C 3 6 ] for which measurements are available, only the molar Gibbs energies of fusion and the molar Gibbs energies of solid−solid transition (if different allotropes exist) of the pure compounds need to be known. The molar Gibbs energy of fusion of the pure compound m may be written as
where the enthalpy of fusion Δh fusion(m) 0 is independent of the temperature to a first approximation. Similarly, the molar Gibbs energy of the solid−solid transition for a compound displaying two or more allotropes (s 1 , s 2 ,...) may be written as 26 These are simple eutectic systems with negligible solid solubility. The characteristics of the calculated binary eutectic (temperature and composition) are shown for each system. Agreement between the calculations and the measurements is satisfactory. Table 2 gives the optimized Gibbs energy of reaction 1 for each binary liquid. The composition variables χ AB used in this table are defined by eqs S1−S5 in the Supporting Information. These expressions are valid in the quaternary system, and for any binary system A[PF 6 (15) where R is the gas constant, and T fusion(m) and Δh fusion(m) 0 are, respectively, the temperature of fusion and the molar enthalpy Figure 4 ) and determined the crystallographic structure of the [C 3 mpip][PF 6 ] pure compound by single crystal X-ray diffraction at 180 K (allotrope (s 1 )). This compound is monoclinic (space group P2 1 /c) with 8 formula units per unit cell and unit cell angles α = 90°, β = 109.466°, γ = 90°. Golding et al. 53 6 ] form an extensive solid solution over the entire composition range, and that the lowtemperature allotropes (s 1 ) most likely have the same behavior. It is therefore reasonable to assume that the intermediatetemperature allotropes (s 2 ) are also fully miscible. In order to (Figure 4a ). The second scenario assumes a continuous solid solution between the low-temperature allotropes (s 1 −s 1 ) and also between the intermediate-temperature allotropes (s 2 −s 2 ) ( Figure 4b ). As a first approximation, in the latter scenario, the same excess Gibbs energy as for the high-temperature (s 3 −s 3 ) solid solution (which was optimized on the basis of the experimental data of Maximo et al. 26 ) was used for both the low-temperature (s 1 − s 1 ) and the intermediate-temperature (s 2 −s 2 ) solid solutions.
The two pure compounds have very similar cation structures (only differing by one carbon atom) and also similar crystal structures. Thus, the binary liquid was assumed to be ideal. That is
The various solid solutions were described with the Compound Energy Formalism (CEF). Figure 4 displays the calculated phase diagram along with the measurements from Maximo et al., according to the first scenario ( Figure 4a ) and the second scenario ( Figure 4b ). 6 ] components, they will display at least a complete hightemperature binary solid solution (s 3 −s 3 ). On the other hand, systems 3 and 4 exhibit a negligible solid solubility. Two isoplethal sections were measured in each of the four ternary systems using DSC, with most of the measurements performed for systems 1 and 3.
Liquidus projections of the various ternary subsystems were calculated (see Figures 5, 7, 9, and 11) , and the region of compositions corresponding to room temperature ionic liquid (RTIL) mixtures is highlighted. As discussed previously, [C 3 mpip][PF 6 ] and [C 3 mpyrr][PF 6 ] have very similar cation structures and also similar crystal structures. Thus, the thermodynamic properties of the ternary subsystems 1 and 2 (which include both components) were calculated from the optimized model parameters for the three binary subsystems using a Kohler−Toop-like (asymmetric) interpolation method (see Figure 1b) , with [C 3 mim][PF 6 ] (or [C 3 mpy][PF 6 ]) as the asymmetric component. For the ternary subsystems 3 and 4, a Kohler-like (symmetric) interpolation method was used (see Figure 1a ) . A similar approach has been used successfully for various multicomponent common-anion inorganic salt systems (chlorides and fluorides). 46−48,54−58 The cations of each system were separated into different chemical groups: alkali cations (Li + , Na + , K + , Rb + , Cs + ) in a first group, alkalineearth (Mg 2+ , Ca 2+ , Sr 2+ , Ba 2+ ) and divalent metal (Mn 2+ , Fe 2+ , Co 2+ , Ni 2+ , Zn 2+ ) cations in a second group, and trivalent metal cations (Fe 3+ , Al 3+ ) in a third group. If the three cations of a ternary common-anion salt system all belonged to the same group or to three different groups, then a symmetric interpolation was used. On the other hand, if two cations were in the same group and if the third cation belonged to another group, an asymmetric interpolation was used instead with the salt component involving the latter cation as the asymmetric component. With this systematic approach, the predictions for the ternary common-anion salt system were The Journal of Physical Chemistry B Article always more satisfactory. That is, agreement between the calculations and the available experimental data was substantially better, and when one or more ternary parameters were required to best reproduce the ternary measurements, the number and amplitude of these ternary parameters were always smaller. The same methodology was used for the quaternary ionic liquid system investigated in the present work: 6 ] system is shown in Figure 5 . The second scenario, which assumes a continuous solid solution between the low-temperature allotropes (s 1 −s 1 ) and also between the intermediate-temperature allotropes (s 2 − s 2 ) of [C 3 mpip][PF 6 ] and [C 3 mpyrr][PF 6 ], was finally favored on the basis of the available ternary data; detailed explanations are given in the Supporting Information. No ternary excess parameter was included for the liquid phase, and the excess Gibbs energies of the low-temperature (s 1 −s 1 ) and intermediate-temperature (s 2 −s 2 ) binary solid solutions were adjusted (see Table 3 ) in order to best reproduce the ternary data. The minimum liquidus temperature corresponds to the binary eutectic reaction liquid = [C 3 Figure 5 ) were measured by DSC, and the calculations are compared to the measurements in Figure 6a ,b, respectively. The filled circles in Figure  6b correspond to a ternary mixture, for which three consecutive heating/cooling cycles were used. For all other data points in Figure 6a ,b, one cooling run was followed by one heating run. Two series of experiments were performed in the isoplethal section at constant 40 mol % [C 3 mim][PF 6 ] ( Figure  6a ), and problems of reproducibility were encountered. In order to better interpret these measurements, the phase diagram has been divided into three approximate temperature zones (zones 1, 2, and 3). Zone 1 corresponds to the measured liquidus temperatures: in principle, for a given sample, the last thermal transition upon heating should be the liquidus temperature. In Figure 6a , the binary data from Maximo et al. 26 at 0 and 60 mol % [C 3 mpyrr][PF 6 ] are also shown. The shift between the calculated and measured liquidus temperatures is sometimes close to 10°C but usually lower than 5°C, which is the corresponding shift for the binary mixture at 0 mol % [C 3 mpyrr][PF 6 ]. Note that the thermal transition measured at 37.5 mol % [C 3 mim][PF 6 ] (and at 37.5 mol % [C 3 mpyrr][PF 6 ]) (see Figure 6b ) is also displayed in Figure  6a (Figure 6b) , the binary and unary experimental data from Maximo et al. 26 are also displayed at 0 and 100 mol % [C 3 mim][PF 6 ], respectively. In Figure 6b , agreement between the calculations and the DSC measurements is overall very satisfactory. 6 ] system is displayed in Figure 7 . It is very similar to that of the [C 3 mim][PF 6 ]− [C 3 mpip][PF 6 ]−[C 3 mpyrr][PF 6 ] system (see Figure 5 ). This is not surprising since the two ternary systems only differ by the compounds [C 3 Figure 7) were investigated by DSC, and the calculations are shown along with the data in Figure 8a ,b, respectively. In the former, the binary data from Maximo et al. 26 at 0 and 60 mol % [C 3 mpyrr][PF 6 ] are also displayed. In the latter, the binary and unary data from Maximo et al. 26 are also shown at 0 and 100 mol % [C 3 mpy][PF 6 ], respectively. In Figure 8a , some thermal transitions were observed in the intermediate temperature range and are not reproduced by the thermodynamic model; they are believed to correspond to metastable phase equilibria. In Figure 8b, agreement 6 ] system is shown in Figure 9 . Again, no ternary excess parameter was introduced for the liquid. The Journal of Physical Chemistry B Article and the calculations are compared to the measurements in Figure 10a ,b, respectively. The filled circles in Figure 10a correspond to a ternary mixture, for which three consecutive heating/cooling cycles were used. For all other data points in Figure 10a ,b, one cooling run was followed by one heating run. In Figure 10a , the binary data from Maximo et al. 26 Figure 10b ) are also displayed in Figure 10a . The corresponding calculated liquidus temperatures are virtually identical to those calculated at 40 mol % [C 3 mpy][PF 6 ] and shown in Figure 10a . In the latter, at about 10 mol % [C 3 mpip][PF 6 ] only two thermal arrests were measured whereas three different thermal arrests are predicted by the thermodynamic model. As pointed out by Stolarska et al., 29 owing to the dynamic nature of the DSC experimental technique, thermal transitions that should exist thermodynamically may be kinetically hindered. In Figure 10b , the binary and unary data from Maximo et al. 26 are also shown at 0 and 100 mol % [C 3 mpip][PF 6 ], respectively. In Figure 10a, 6 ] system is shown in Figure 11 . It is very similar to that of the [C 3 mpip][PF 6 ]− [C 3 mpy][PF 6 ]−[C 3 mim][PF 6 ] system (see Figure 9 ). This was expected since the two ternary systems only differ by the compounds [C 3 Figure 11 Figure 11 ) were investigated by DSC, and the calculations are shown along with the data in Figure 12a ,b, respectively. In the former, the binary data from Maximo et al. 26 at 0 and 60 mol % [C 3 mpyrr][PF 6 ] are also displayed. In the latter, the binary and unary data from Maximo et al. 26 are also shown at 0 and 100 mol % [C 3 mpyrr][PF 6 ], respectively. Agreement between the calculations and the DSC measurements is overall satisfactory. 4.3.5. Quaternary System. Using the program FactOptimal, 44 which is a coupling of the FactSage thermochemical software 45 with the powerful Mesh Adaptive Direct Search (MADS) algorithm, we identified the global minimum liquidus temperature in the quaternary system [C 3 Figure 13 . The ideal case is represented by the thin red lines, which correspond to a constant mole fraction of the investigated component. (Figure 13c ). In the binary liquid [C 3 mpip][PF 6 ]−[C 3 mpyrr][PF 6 ], both components have an ideal behavior since this liquid was assumed to be ideal at all compositions. The deviations from ideality are always small: Figure 14 shows the activity coefficients of all three components calculated at 100°C along the isoplethal sections at constant 40 mol % [C 3 6 ] ternary system, a symmetric interpolation method was used, and no ternary excess parameter was introduced in the liquid model. The DSC measurements for a few ternary mixtures in the same isoplethal sections as for the previous ternary system were overall satisfactorily reproduced. A ternary eutectic reaction was calculated at −16°C. This is the global minimum liquidus temperature in the entire common-anion quaternary system.
Usually, DSC measurements are not easy to perform for ionic liquid systems owing to their large degree of supercooling and their tendency to form glasses. Agreement between the calculations from the developed thermodynamic model and the data obtained in the four ternary subsystems is considered to be overall satisfactory, apart from the observation of metastability in a few cases. It was possible to identify in each of the four ternary subsystems the region of composition where room temperature ionic liquid (RTIL) mixtures are formed.
All ternary ionic liquid systems studied in the present work display small deviations from ideality, owing to the similarities in the size and in the molecular structure of the cations.
This work is part of a larger project whose goal is to measure and model the phase diagrams and physical properties (such as viscosity) of ionic liquid mixtures (binary, ternary, and possibly higher-order). 
